Phenylketonuria is a common metabolic disorder disease. Those affected appear normal at birth, but without treatment they develop severe psychomotor retardation. Throughout life, they must control their blood levels of phenylalanine (Phe) and consume a diet containing adequate amounts of Phe and tyrosine (Tyr) P henylketonuria (PKU) is among the most common metabolic disorders, and it occurs in approximately one in every 15 000 births. Those affected appear normal at birth, but without treatment they develop severe psychomotor retardation. Blood phenylalanine (Phe) levels must be controlled and regulated with a special medical diet containing a low level of Phe and an extra-enriched level of tyrosine (Tyr). Dietary treatment is most critical for young children; however, dietary control continues throughout a patient's life. To prepare an adequate diet, those with PKU should know their own Phe tolerance through constant control of blood levels. They should be familiar with the amount of Phe and Tyr in medical foods and in everyday food products.
Information about the concentrations of Phe and Tyr in different food products can be found in several books; however, it is usually not possible to obtain correct data for locally important food products. To help those in our population who should consume a low Phe diet, we have developed a new analytical method based on liquid chromatography (LC) coupled with mass spectrometry (MS) and, in the process, analyzed >100 different nondietary samples obtained from food stores.
Amino acids in food samples are routinely analyzed with classic amino analyzers based on the technology in which amino acids with free amino groups are separated by cation-exchange chromatography followed by postcolumn derivatization with ninhydrin. This 50-year-old analytical procedure is still reliable, robust, and very simple to perform. Unfortunately, it is not the best solution when we want to quantify only a certain group of amino acids. Optimizing the separation, which is a time-consuming task, sometimes can be difficult because of the large number of peaks in the chromatogram.
In such a case, we need to select some other separation and identification techniques. Several different analytical methods using gas chromatography (GC), LC, and capillary electrophoresis (CE) for separation, and pre-or postcolumn derivatization with phthaldialdehyde C 8 H 6 0 2 , 9-fluorenylmethyl chloroformat, phenyl isothiocyanate C 6 H 5 NCS, fluorescamine, and dansyl chloride have been reported (1-7). In addition, GC/MS (8, 9) and LC with tandem spectrometry (10) are used in clinical studies for screening blood samples.
Nevertheless, reliable and accurate determination of specific amino acids in food products is still a very demanding task. First, we have to hydrolyze the proteins and extract the free amino acids from the sample. As a second step we have to use a separation technique to separate the amino acids and a spectroscopic technique to quantify them. The process appears simple but can be extremely difficult. Under gentle conditions protein hydrolysis is not completed, and under harsh conditions hydrolyzed amino acids are oxidized. In both cases, the results obtained are too low and unacceptable. In addition, most of the amino acids have no absorption, and special derivatives must be prepared.
In our laboratory (Laboratory for Food Chemistry, National Institute of Chemistry, Ljubljana, Slovenia), many different analytical techniques have been used to quantify certain amino acids in various food samples. Thin-layer chromatography (TLC; 11-13), LC (14) , and CE (15) (16) (17) were used for separation. In all cases we had no problem with the separation, but it was always difficult to reproducibly quantify the separated components. With TLC we had to dry the plate and develop the colors with postrun derivatization. This operation was always critical. With LC, because of low UV absorption, we had to prepare precolumn or postcolumn derivatives. In the case of precolumn derivatization with dansyl chloride, we no-ticed for some samples a very strong matrix influence, for instance, in eggs. Postcolumn derivatization was more reliable because the influence of the matrix was eliminated through the separation procedure, but reproducibility was not always very good because of the technically demanding hardware. Reproducibility may improve with a dedicated LC system, but in a laboratory LC instruments are usually used for many different types of analysis.
In our laboratory we needed a simple, easy-to-perform method for routine quantitative analyses of food samples for Phe and Tyr. Consequently, we developed a new LC/MS method that takes advantage of the good separation of LC and the reliable and selective quantification of MS.
Experimental

Sample Preparation
The sample preparation is critical because it is necessary to prevent oxidation of the amino acids during hydrolysis. In our case, the oxidation of Phe and Tyr was prevented by adding 50 mL 2-mercaptoethanol to a Teflon vial containing 0.100 g sample and 10 mL 6M HCl. The same effect was obtained by adding ascorbic acid (vitamin C), i.e., 1 mL 5% vitamin C solution was added to a Teflon vial containing 0.100 g sample and 10 mL 6M HCl. Hydrolysis was carried out in a nitrogen atmosphere in an MLS 1200 Mega (Milestone Microwave) high-performance laboratory system microwave oven according to the program in Table 1 . The sample was cooled and filtered. To remove any remaining HCl, a 1.0 mL aliquot was transferred to a glass tube and evaporated at 60°C. A 1 mL portion of mobile phase was added, and the contents of the tube were transferred to a vial and analyzed by LC/MS.
Samples sensitive to oxidation were split into 2 subsamples. One subsample was hydrolyzed only once, whereas the other subsample was exposed to a second hydrolysis. Results were compared, and those from the analysis giving the higher concentration of Phe were reported.
Standard and Quality Control Samples
A stock solution containing 20 mg each of Tyr and Phe (Serva Feinbiochemica, Heidelberg, Germany) was prepared with deionized water in a 100 mL flask. This stock solution was stable for 1 month when stored at 4°C. From this solution with a concentration of 200 mg/mL, 3 sets of calibration standards with 5 different concentrations from 1 to 20 mg/mL were prepared. In the first set, standards were prepared with deionized water. In the second set, standards were prepared so that an adequate amount of stock solution, from 50 to 1000 mL, was added to the Teflon vial already containing 10 mL 6M HCl. To prevent oxidation, 50 mL 2-mecaptoethanol was added into each vial. The third set was prepared in the same way as the second set; however, instead of 2-mecaptoethanol, 1 mL ascorbic acid was added. Calibration standards and samples were treated in the same way.
LC Separation and MS Quantification
An LC system consisting of a Constametric 4100 pump (Thermo Separation Products, Thermoquest, San Jose, CA) and a Spectra System AS1000 autosampler equipped with a 20 mL loop was used for separation. The conditions for analysis were as follows: mobile phase, bidistilled water-acetonitrile-methanol-trifluoroacetic acid-25% ammonium hydroxide solution (23 + 2 + 2 + 0.005 + 0.005, v/v/v/v/v); column, Hypersil CPS, 5 mm, 150´4.6 mm; flow rate, 0.5 mL/min; and column temperature, 25°C (controlled room temperature).
A Finnigan LCQ (Thermoquest) mass spectrometer was used for identification and quantification. The MS conditions were as follows: mode, electrospray ionization; source polarity, positive; source voltage, 4.5 kV; source current, 100 mA; capillary temperature, 270°C; sheath gas flow, 0. 
Method Validation
The method was validated according to the prepared validation protocol. The acceptance criteria selected and the results obtained are shown in Table 2 .
The system suitability test was planned as a leading sequence in all of our experiments. It was performed with standards prepared in the same way as the samples. Three replicates of a calibration test sample of Tyr and Phe with a concentration 4 mg/mL (4 ppm) were injected into the LC/MS system. The relative standard deviation (RSD) of the peak areas had to be <10%. In our test, the RSD of the peak areas for Tyr was 9.40%, and the corresponding value for Phe was 4.35%. The RSDs of the retention times were 1.5% for Tyr and 2.1% for Phe.
The selectivity of the developed method was good. No interfering peaks appeared in the single-ion chromatograms selected (Figure 1) .
Precision, accuracy (recovery), and stability were determined with spiked samples. Weighed amounts of both amino acids, each at 30 mg/100 g (0.03%), were added to a special agluten flour containing very small amounts of Tyr and Phe. The spiked samples were tested with 4 different treatments: samples were not exposed to hydrolysis; samples were hydrolyzed without addition of any antioxidant reagent; samples were protected against oxidation by addition of 2-mercaptoethanol at 50 mL/10 mL; samples were protected against oxidation by addition of a 5% solution of ascorbic acid at 1 mL/10 mL. Accuracy (recovery) was evaluated from the same spiked samples at 3 different concentrations. With this experiment we could evaluate only the effect of oxidation because it was not possible to spike samples with a standardized peptide with known amounts of Tyr and Phe and to evaluate the effects of hydrolysis and oxidation at the same time.
Hydrolyzed-standard samples (stabilized with added 2-mercaptoethanol) were stored in the refrigerator at +4°C for 72 h before analysis. Because of the complicated preparation and the confirmed stability of the samples in the refrigerator, the same samples were used for the stability test at room temperature. For an additional 24 h, the samples were stored at room temperature and analyzed again. The values obtained were compared with the results for freshly prepared Tyr and Phe standards. Hydrolyzed-standard samples are stable for ³3 days in the refrigerator (4°C) and 1 day at room temperature (20°C).
Linearity, range, limit of detection (LOD), and limit of quantitation (LOQ) were also evaluated with 4 types of experiments. Calibration curves were prepared from 5 calibration standards with Tyr and Phe concentrations of 1 to 20 mg/kg (ppm). Values of slope, b, intercept, a, correlation coefficient, R, and standard deviation of the slope, V(b), were calculated by using weighted calibration curves. Weight factors were calculated from the following equation: fw i = 1/(100 + 5X i ) 2 The LOD and the LOQ were calculated from the confidence interval. The constructed curves are shown in Figure 2 , and the values obtained are presented in Table 3 .
Results and Discussion
The LC/MS method described in this paper was developed to provide reliable and fast separation and determination of Tyr and Phe in the routine analysis of food products. The method is based on simple and robust reversed-phase LC techniques combined with MS detection. It yielded satisfactory results in terms of linearity, precision, recovery, and sensitivity.
The reported RSD values sometimes seemed high; however, RSD values of about 5% are normal for LC/MS analysis with electrospray ionization in routine work. Moreover, as a result of the complicated sample preparation, we had to accept RSD values of 15%.
The oxidation effect was also controlled with spiked samples. Besides the original samples, we also prepared samples spiked with 100 mg Tyr and Phe. Both groups of samples were analyzed in the same way, and the results for the original samples and the spiked samples were compared; higher results for amino acids were reported. It is not possible to predict the effects of hydrolysis and oxidation in real samples.
In routine work, 2-mercaptoethanol was selected as an antioxidant. Its downside is unpleasant smell, but its advantage over ascorbic acid is its stronger antioxidant effect.
The developed method was used to analyze different types of samples, and its wide applicability was demonstrated. Nearly 100 food samples were obtained from retail stores and analyzed; representative results are shown in Table 4 . We hope that the data obtained for concentrations of Phe and Tyr in nondietary food products will be useful for the everyday preparation of dietary treatments for people with PKU. a Values of b, a, R, and V(b) were calculated by using weighted calibration curves; weight factors were calculated from the equation fw i = 1/(100 + 5X i ) 2 . b LOD = Limit of detection, which was calculated from the confidence interval. c LOQ = Limit of quantitation, which was calculated from the confidence interval.
